This study was conducted to evaluate bio-chemical composition, functional, and rheological properties of croaker fish (Johnius dussumieri), Indian squid (Loligo duvaucelii), and white leg shrimp (Litopenaeus vannamei) in fresh condition. The n-3 fatty acids were slightly higher in croaker fish (14.91 %) compared to that in Indian squid (13.59 %) and white leg shrimp (13.02 %). The solubility and viscosity of croaker fish proteins were significantly (p < 0.05) lower as compared to shrimp and squid proteins, while the emulsion capacity was higher for squid proteins. The histological study of squid muscles revealed a unique and strong arrangement of myofibrils. Dynamic viscoelastic behaviour of fresh meat of croaker fish and white leg shrimp revealed that transition from sol to gel took place between 48°C to 65°C and 39.93°C to 64.30°C, respectively, while in case of Indian squid, gel formation (increase in G') progressed mainly in two steps: the first step at low temperature range of 5-28.41°C and the second step over 45°C. Along with this, gel breakdown occurred in the range of 28-45°C. Our study suggested that the temperature range for sol to gel transformation differs from species to species considerably and hence, a specific temperature range may be determined to have maximum gelling ability for every fish species used as raw material for gel-based formulations.
Introduction
Seafood is recognised as a good source of affordable protein and delicacy around the world. Seafood includes different kind of finfish and shellfish species offering a variety of choices, and each one of them is different from others in taste, keeping quality and amenability to industrial processing. These variations are related to the fact that the seafood is drawn from a wide range of phyla of the animal kingdom like mollusc to crustacean to chordates, that is, from both invertebrates and vertebrate. Not only their niche, but also their entire constitution differs. Therefore, the approach towards utilisation of the proteins should also be specific to the sources of proteins, their type, and characteristics. It has been established that lipid content and proportion of different fatty acid groups in fish vary according to their feeding habit and environment they dwell-up. [1, 2] The composition of the proteins from fish, mollusc, and crustacean are different and behave differently during processing. Even gutted and non-gutted fish keeping quality differs during storage. [3] The most important proteins that determine the functionalities are myofibrillar proteins.
Finfish and shellfish contain a large amount of proteins and are consumed in different forms like raw, processed, and semi-processed. Particularly, the myofibrillar proteins are separated to make gelbased products. Gelation is one of the very important properties studied for fish and shellfish proteins to evaluate their qualities as well as behaviours. The myofibrillar proteins constitute the largest fraction of proteins in fish and shellfish, which is responsible for the gelation. During gelation process, the protein undergoes sol-gel transformation. The dynamic rheological measurements are very useful tool for monitoring the sol-gel transitions and characterising the viscoelastic behaviour of gelled system in the linear region with small distortion. [4] Formation of actomyosin from two myofibrillar proteins actin and myosin is responsible for gelation and has an important role in defining the texture and processing characteristics of meat products. [5] To understand the process of degradation, aggregation, and rheological properties of actomyosin, fish species from cold, temperate, and warm waters have been studied. [6] The dynamic viscoelastic behaviour of fresh actomyosin from green mussel [7] and fresh bigeye snapper fish (Priacanthus hamrur) mince [8] also has been studied. It is now established that unlike fish species with excellent heat induced gel forming properties, cephalopod muscle proteins aggregate by heating, but the resulting structure is highly disorganised, leading to poor elasticity and low gel strength. [9] The rheological properties of fish meat gels depend upon factors such as fish species, quality of the meat, salt content, protein concentration, and processing methods. Attempts have been made to study the rheological properties of squid meat, [10] ribbon fish meat, [11] threadfin bream, [12] tuna myofibrillar protein, [13] and actomyosin from cold, temperate, and warm water fishes. [6] However, these studies were conducted with differing extraction methods and experimental conditions. There is no literature available on comparison of biochemical, functional, and dynamic viscoelastic properties among a mollusc, a crustacean, and a vertebrate, that is, among squid, shrimp, and fish. The present study was undertaken to get an insight in to the differences in biochemical, functional, and dynamic viscoelastic properties among these categories of animals such as fish, squid, and shrimp in fresh condition.
Materials and methods

Materials
Croaker fish (Johnius dussumieri), Indian squid (Loligo duvaucelii), and shrimp (Litopenaeus vannamei) were used in the study. Croaker fish and Indian squid were purchased from the boat owners who go for single day fishing soon after they arrived at Versova landing centre in the North West part of Mumbai, India, while shrimp was purchased from cultured pond in Raigarh district of Maharashtra, India. The above said table-sized experimental animals were transported to the laboratory in iced condition in poly-urethane boxes. Appropriate amount of samples (croaker fish, Indian squid, and shrimp) were taken and dressed (removal of head, viscera, shell, and fins) for sampling. The meat was separated manually from fins, skin, and bones. The separated meat was macerated well using pestle and mortar in ice bath and used for further analyses.
Proximate composition
The proximate composition analysis (moisture, crude protein, fat, and ash content) of fresh meat was carried out using standard methods of AOAC. [14] Non-protein nitrogen content was determined by the method as described by Velanker and Govindan. [15] For determining the pH, About 5 g of meat sample was macerated with 45 mL of distilled water, and the pH of slurry was measured by using pH meter (Systronix µ pH system 361). Before measuring the pH of the sample, pH meter was calibrated with standard buffer solutions of pH 4.0, 7.0, and 9.2. Yield values were determined as per the prevalent consumer preference.
Fatty acid analysis
Total lipids were extracted from croaker fish, Indian squid, and white leg shrimp according to Folch et al. [16] fatty acid content and fatty acid composition determined simultaneously in the extracted oil samples. Fatty acid analysis was performed in triplicate that consisted two consecutive steps, preparation of fatty acid methyl ester (FAME) and chromatographic analysis. The AOAC method was followed to esterify the lipid extract. Gas chromatography-mass spectrometry (GC-MS) was performed on Shimadzu Qp2010 quadrupole Gas Chromatography Mass Spectrometer (GC-MS) instrument equipped with a carbowax (30 m × 0.25 mm ID; 0.25ìm film thickness) capillary column (Cromlab S.A). Individual components were identified using mass spectral data and by comparing retention time data with those obtained for authentic and laboratory standards. Peak area was quantified and expressed as percentage of total fatty acids.
Preparation of myofibrillar proteins from experimental fish, squid, and shrimp
The myofibrillar protein fraction was extracted according to the method of Hashimoto et al. [17] with slight modifications. About 10 g fresh meat from croaker fish, Indian squid, and white leg shrimp was homogenised in 100 mL of ice-cold phosphate buffer, pH 7.5 (15.6 mM Na2HPO4, 3.5 mM KH2PO4) using a homogeniser (Polytron Kinematica, Switzerland). The homogenisation process was carried out at 10000 rpm for 1 min with 6 intermissions of 10 sec each. The resulting homogenate was centrifuged at 5000 × g at 4°C for 15 min using a CR21GIII refrigerated centrifuge (Hitachi, Japan). The supernatant was discarded, while the pellet was collected and resuspended in 10 volumes of ice-cold phosphate buffer, homogenised and centrifuged at 4°C again. After two repeated cycles of homogenisation and centrifugation, the resulting MFP pellet was suspended in 10 volumes of ice-cold 50 mM phosphate buffer of pH 7.5 containing 1.1 M KCl (pH value was adjusted with stock acid or base when necessary). This buffer containing 1.1 M potassium chloride is from here onwards referred as extraction buffer. The mixture was homogenised and centrifuged at 5000 × g for 15 min at 4°C. After the centrifugation clear supernatant was used as myofibrillar protein (MFP) solution, extracted MFP content was estimated by biuret method [18] using bovine serum albumin as a standard.
Protein solubility
The solubility of MFP pellet prepared from croaker fish, Indian squid, and white leg shrimp was determined using phosphate buffer (15.6 mM Na2HPO4, 3.5 mM KH2PO4, containing 1.1 M Potassium chloride, and pH 7.5). The MFP pellet was homogenised in phosphate buffer at 9000 rpm for 2 min with the help of laboratory homogeniser and then centrifuged (9000 × g) at 4ºC for 15 min. The pellet homogenate before centrifugation and the supernatant obtained after the centrifugation were analysed for the amount of soluble proteins by biuret method. [18] The MFP solubility was calculated as follows:
Solubility ¼ soluble protein after centrifugation=soluble protein before centrifugation ð Þ Â 100
Apparent reduced viscosity
The apparent reduced viscosity of MFP extracted from croaker fish, Indian squid, and white leg shrimp was determined by the method as described by Binsi et al. [19] The apparent reduced viscosity was determined using Ostwald viscometer with a capillary diameter of 0.5 mm. The temperature during measurement of viscosity was 25ºC ± 0.5ºC. The MFP prepared in chilled condition was equilibrated to 25ºC using water bath, and 10-12 mL was loaded to viscometer. The time taken for protein solution to travel between two points was recorded with the help of stop watch. The experiment was repeated three times, and average flow time (in second) was taken for calculation. The relative viscosity (η rel ¼ t 1 t 0 ) was determined by noting the time taken for protein solution and the solvent separately. The relative viscosity at different protein concentration was determined, and reduced viscosity (ηred) was calculated using an equation given by Yang. [20] η red ¼
where t 1 is time taken for MFP solution (s), t 0 is time taken for solvent (phosphate buffer) (s), and C is concentration of protein (mg/mL). A plot of ηred viscosity vs MFP concentration was obtained, and ηred viscosity at single MFP concentration (5 mg/mL) was derived from the plot.
Water holding capacity
The WHC for fresh samples was measured according to the method as described by Jauregui et al. [21] with slight modification. Meat sample of 5 g was weighed and put between two layers of filter paper (Whatman No. 1). The sample was placed at the bottom of 50 mL centrifuge tubes and centrifuged at 5000 × g for 10 min at 4°C. Immediately after centrifugation, the sample was removed and reweighed. WHC was calculated as follows:
Where W 1 is the initial weight (g), and W 2 is the final weight. The average of three replicates was reported as value of WHC.
Emulsion capacity
Emulsion capacity (EC) of MFP extracted from croaker fish, Indian squid, and white leg shrimp was determined according to the method of Swift et al. [22] with slight modification. About 12.5 g of MFP solution, 37.5 mL of chilled phosphate buffer and 50 mL of refined sunflower oil were added and homogenised at 9000 rpm for 10 sec using homogeniser (Polytron Kinematica, Switzerland) as dispersing tool. Homogenisation was kept continued at high speed (23000 rpm) with addition of oil at the rate of 0.5-0.6 mL/sec until visual phase inversion was recorded. Emulsion capacity was calculated from total volume of oil added till phase inversion including the initial 50 mL and was expressed as mL of oil per mg of MFP. Average of three replicates was reported as emulsion capacity values.
Histological observations
Histological studies of croaker fish, Indian squid, and white leg shrimp were carried out as described by Ando et al. [23] with a slight modification. The muscle samples were drawn from the dorsal side of the experimental species. Samples were prepared by cutting into a cube (4 × 4 × 4 mm) with a sharp razor blade. The samples were preserved in 10% neutral formalin buffer solution for 24 h at room temperature. After dehydration by serial concentration of (70-100 %, v/v) ethanol, fish samples were embedded in paraffin. Thin sections (2 mm thick) were prepared by a microtome and stained with Mallory's trichrome staining solution (a mixture of 20 g/L of orange G, 5 g/L of methyl blue, and 20 g /L of oxalic acid). The micro-structure was visualised using a light microscope (Carl Zeiss, Jena, Germany) under high power objective.
Gel forming ability
Gel forming ability was determined by the method as described by Mehta et al. 2014 . [ 24 ] Gel preparation. About 300 g of separated meat from croaker fish, Indian squid, and white leg shrimp was macerated using pestle and mortar in chilled condition (4-5ºC) with 2.5% sodium chloride. To maintain temperature (< 5°C), maceration was performed by putting mortar in ice bath. The time of maceration was 10 min. After maceration about 100 g of viscous minced meat was stuffed into krehalon casing of 50mm × 250mm (dia × length) using hand stuffer. One end of casing was sealed prior to stuffing, and the other end of casing was sealed after stuffing. The stuffed casings were heat processed at 90ºC for 45 min in a water bath and cooled in chilled water for 15 min. The prepared gels were kept at 4ºC in a refrigerator for 24 h and were used for the gel strength measurement.
Measurement of gel strength
The gel strength was measured using Texture Analyser (TA. XT2i Stable Micro System, Surrey, England). The prepared gels were brought to room temperature and cut into 25 mm × 30 mm (dia × length) and placed on the platform. A 5 mm spherical probe was used for measurement. A trigger force of 10 g and distance of 20 mm were programmed in the instrument. During the measurement, spherical probe pierces the gel to a distance of 20 mm, and the peak load exerted by the instrument was recorded. The gel strength was calculated by multiplying the peak load (g) × programmed distance (mm). Gel strength of the sample was expressed in g.cm. The average of three replicates was reported as gel strength of sample.
Instrumental texture profile analysis
The TPA was performed for the heat induced gel prepared from croaker fish, Indian squid, and white leg shrimp by Texture Analyser mentioned above using a 75 mm compression plate with 50 kg load cell. The gels were cut into the 30 mm size using local size cutter and subjected for analysis. The texture parameters measured include hardness, cohesiveness, springiness, gumminess, and chewiness.
Dynamic viscoelastic behaviour
Sample preparation Fresh minced meat obtained from croaker fish, Indian squid, and white leg shrimp was used for the assessment of dynamic viscoelastic properties. The mincemeat used for analysis was devoid of fin, scale, bone, and skin. The meat was macerated well using pestle and mortar manually. To maintain temperature (<5°C), maceration was performed by putting mortar in ice bath. After making homogeneous paste, 2.5% sodium chloride was added, and maceration was done for another 5 min. The total time of maceration was 10 min.
Determination of dynamic viscoelastic properties
Dynamic viscoelastic properties were performed on a Physica MCR 101 rheometer (Anton Paar, Germany) in oscillatory mode. A 20 mm parallel steel probe geometry with a 1 mm gap (between peltier plate and probe) was used, and the sample was surrounded by a liquid paraffin to prevent drying. The sample was heated at a rate of 1°C/min from 5°C to 90°C. The oscillation stress was 0.6 Pa, and the oscillation frequency was 0.1 Hz. Elastic modulus G'), viscous modulus (G"), and tan delta (δ) were recorded.
Statistical analysis
The data obtained were analysed by one-way analysis of variance (ANOVA) using SPSS 16.0 software.
Results and discussion
The crude protein content of croaker fish was 15.40%, which is slightly less than reported for other croaker species (Pseudotolithus typus). [25] The protein content of squid and white leg shrimp meat was 14.20% and 20% respectively, which were more or less similar to that obtained for other squid [26, 27] and shrimp species. [28, 29] The fat content was higher in white leg shrimp (1.80%) than that in croaker fish (1.30%) and Indian squid (0.70%). The proximate composition of croaker fish indicates moisture content of 81.40%. The high moisture content (81.40%), relatively good amount of proteins, and low fat content (1.28%) categorise croaker as lean fish. The ash content was 1%, which was expectedly low as meat was devoid of fins and bones. The proximate composition of croaker fish was in the ranges that were obtained after analysing 23 marine fishes, which revealed that the average moisture, protein, fat, and ash content ranged from 67.23 to 80.48%, 15 to 20% (majority of fishes), 0.24 to 14.72 and < 2% (87% of fishes), respectively. [30] In our study, the proximate composition obtained for white leg shrimp was within the range that is reported for other shrimp species like brown shrimp (Crangon crangon), Fenneropenaeus indicus. [28, 29, 31, 32] The NPN content in fresh meat of croaker fish, Indian squid, and white leg shrimp was 26% (641 mg/100 g meat), 13.66% (310 mg/100 g meat), and 9.46% (298 mg/100 g meat) of total nitrogen, respectively (Table 1) . Dileep et al. [11] also reported high content of NPN (23%) in fresh meat of ribbon fish. The pH of fish flesh has an important influence on its tendency to deteriorate because of its control on bacterial growth. [33] However, an animal's nutritional stage and high stress or exercise levels before an animal's death modify the glycogen concentration stored in muscle, consequently influencing in the post mortem pH. [34, 35] In the present study, the pH for croaker fish was significantly (p < 0.05) higher (7.29) than squid and white leg shrimp fresh meat ( Table 1 ). The higher amount of the non-protein nitrogen substances (Table 1) found in the croaker fish meat was possible because of the higher pH in croaker fish compared to that in squid and shrimp. In the present study, the pH value of experimental shrimp is slightly lower than that of reported for other shrimps. [36, 37] Yield of edible portion of croaker fish, Indian squid, and white leg shrimp
The yield of edible portions and meat from the experimental species were estimated and presented in Table 2 . The edible portion yield is the key information for commercial purpose and also for a consumer to make decision before buying the fish. Therefore, the yield percentages were obtained in three different stages as per common consumption pattern of different consumers. Given the whole edible parts, croaker fish had higher yield than other two experimental species. The yields of mincemeat, edible portion without head, and edible portion with head from croaker fish were 37%, 58%, and 75.50% of the total weight of the fish, respectively (Table 2) . However, the obtained values were lower than those reported for the Black Sea trout fish (64.18 %) [38] and tiger tooth croaker (68.18% fillet and deskinned meat). [39] In the present investigation, yield value of white leg Values are expressed as means ± SD, n = 3. p < 0.05; value in the same rows bearing unlike letters differs significantly.
shrimp was 53% (peeled and deveined) which was higher than that of reported for fresh water prawn (41.13%). [40] The yield of edible parts of Indian squid was 64% which was found in the range that was reported for oceanic and inshore squid species (60-80%). [41] Fatty acid profile of croaker fish, Indian squid, and white leg shrimp It was observed that the fatty acid composition of total lipids varied greatly in the muscle of all three experimental species (Table 3) . In all three experimental species, C:16 (palmitic acid) was the dominant saturated fatty acid. The highest saturated fatty acid (SFA) content was found in croaker fish, whereas monounsaturated fatty acid (MUFA) content was more in white leg shrimp. In the present study, the major portion of the fatty acids of croaker fish, Indian squid, and white leg shrimp was constituted by saturated fatty acids (Table 3) , which was much higher compared to several commercially important fish species from the Sinop region of the Black Sea. [42] The differences in fatty acid composition may be influenced by environmental and nutritional conditions. [43] In the present study, among SFA, palmitic acid (C16; 49-51% of total fatty acids) was the major saturated fatty acid, while among MUFA, the oleic acid was the main component in all experimental species.
Polyunsaturated fatty acid (PUFA) contents in croaker fish and Indian squid were almost similar (18-20%), while the content was 14.55% of total fatty acids in white leg shrimp (Table 3) . Values are expressed as mean ± SD, n = 10. Values are expressed as means ± SD, n = 3. p < 0.05; value in the same rows bearing unlike letters differs significantly. SFA: saturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: polyunsaturated fatty acid, AA = arachidonic acid, EPA: eicosapentaenoic acid, DHA: docasahexaenoic acid.
The nutritionally important PUFA content of all experimental species was less than that reported for wild (56.83%) and farmed (36.39%) blackspot seabream. [44] The n-3 fatty acids, that is, Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), were found in the perceptible quantity (13-15% of the total fatty acids) in all experimental species. In case of croaker fish, DHA (11.36% of the total fatty acids) was the prominent fatty acid among the n-3 fatty acids, while EPA (9.96% of the total fatty acids) was higher in white leg shrimp. The DHA and EPA contents were almost similar in Indian squid ( Table 3 ). The n-3 and n-6 fatty acids in Lagocephalus lunaris and Lagocephalus inermis (puffer fish) were 31.17% and 31.19%, while n-6 PUFA were 7.26% and 7.29%, respectively. [45] EPA and DHA display several properties which are beneficial for human health. In addition to reducing the risk of some cardiovascular diseases [46] and cancers, [47] they also can improve various functions in the human organs. [48] Though all the three experimental species had low fat contents, the fatty acid profile indicated that they carry reasonably good proportion of PUFA. It is suggested that the dietary intake of food with a high ratio of n-3/n-6 would be beneficial. FAO experts have recommended that the ratio of n-3/n-6 in the diet should be higher than 0.2, [49] while UK Department of Health recommends it to be higher than 0.25. [50] In the present study, the ratios in the fat extracted from croaker fish, Indian squid, and white leg shrimp were 3.11, 2.76, and 8.51, respectively (Table 3) . In all experimental species, the ratio is well above the recommended levels, suggesting the goodness of the fats in these species. The ratios documented in the present study for croaker fish and Indian squid were more than that reported for many fresh water fishes like rohu (1.04) pangas (0.74), and magur (0.70) [51] but lower than wild blackspot seabream (4.46) [44] and catla (6.54) . [51] Hence, it can be concluded that croaker fish, Indian squid, and white leg shrimp are excellent sources of n-3 fatty acids, thereby adding to their value as species of commercial and nutritional importance.
Histological measurement
The histological architecture of fresh muscles of all three experimental species is presented in Fig. 1 . Interestingly, the arrangement of myofibrils of all three experimental species under study was quite different from one another. Myofibrils of croaker fish were thick and broad but shorter (Fig. 1A) compared to squid and shrimp. On the other hand, the arrangement of myofibrils of Indian squid was very ordered as these were very fine and long and further supported by a thick and fixed parallel structure (cord-like structure) (Fig. 1B) . This unique and strong arrangement may possibly be the cause for higher hardness of squid muscle compared to fish and shrimp muscles in general. The compact architecture of the squid may also be responsible for higher water holding capacity of squid muscles as leakage of water will be very slow even under centrifugation. The arrangement of myofibrils in white leg shrimp was also in order, but the fibrils were relatively thicker and loosely arranged and shorter than squid (Fig. 1C) .
Solubility
Among various other important factors affecting functional properties, solubility is the one which has serious implications on all other functional properties like viscosity, gelation, foaming and emulsification due to pH, concentration of salt, temperature and duration of extraction. [52] Solubilisation of the protein is very important property as this property can decide its proper utilisation for various formulations. The solubility of MFP of fresh croaker fish (55.30%) was much less than that of Indian squid (90%) and white leg shrimp (87%) ( Table 1 ). This indicates that the formulation in which one needs higher solubilisation should go for squid or shrimp protein in the fresh condition. The initial solubility of MFP from croaker fish muscles was low as compared to other marine fishes such as queen fish, sea bass, and seabream. [53, 54] 
Apparent reduced viscosity
The values for apparent reduced viscosity of MFP at the concentration of 5 mg/ml prepared from croaker fish, Indian squid, and white leg shrimp are depicted in Table 1 . The apparent reduced viscosity values of MFP extracted from fresh Indian squid (0.63 dl/mg) and shrimp (0.60 dl/mg) were almost similar. On the other hand, the value for croaker fish (0. 36 dl/mg) was lowest among the all experimental species. This is possibly because the solubility of croaker fish was least compared to squid and shrimp. In the present study, the value of viscosity obtained for croaker fish was higher than that of ribbon fish, [11] lesser than pre-and post-spawned flounder, [55] and comparable with the tilapia. [56] Emulsion capacity
The EC of MFP extracted from fresh croaker fish, Indian squid, and white leg shrimp is given in Table 1 . The EC of MFP extracted from croaker fish, Indian squid, and white leg shrimp was 2-3 times higher than that of the total proteins of ribbon fish, [11] Indian major carps, [24] green mussel, [5] and cephalopods. [57] However, Yapar et al. [58] reported that the variations in EC could be due to the type of meat, dissimilarity of the protein fraction, protein conformation, physicochemical properties, and functional groups of the proteins. If one compares, the EC value of fish myofibrillar protein is higher than beef and poultry as it contains less connective tissues and higher myofibrils than the latter. [58, 59] Proteins from experimental species may be recommended as an alternative food or industrial emulsifier for industry.
Water holding capacity
Measuring water holding capacity (WHC) becomes a useful tool for describing the quality of fish protein. WHC of fresh meat is an important property as it affects both the yield and the quality of the end processed product. In the fresh condition, the WHC of Indian squid meat was 58%, being the highest followed by croaker fish (37.80%), while lowest WHC was observed for white leg shrimp (22.60%). The highest WHC recorded for squid in the experiment is probably due to fine and long fibrils or well-organised muscles architecture of squid comprising of fine and long fibrils (Fig. 1B) compared to croaker fish and shrimp. The strong and compact nature of myofibrils might resist the leakage of the water from muscles during the experiment.
Gel strength
The highest gel strength value was obtained for croaker fish mince among all three experimental species. However, in case of Indian squid (189.55 g), breaking force of the gel was higher than other two experimental species. The least deformation value was obtained for white leg shrimp (6.99 mm) when compared to squid and croaker fish. The breaking forces of Indian mackerel, short-bodied mackerel, and frigate mackerel [60] were higher, while deformation was lower than that of croaker fish. The gel strength value of heat induced gel obtained from fresh croaker fish mince was higher than that obtained from Indian mackerel while lower than that obtained from Indian major carp [24] and striped catfish (Pangasianodon hypophthalmus). [61] Myosin integrity is of paramount importance for gelation. [62] In the fresh condition, the gel strength value of the Indian squid was 257.50 g. cm. The gel strength of other squid species (Illex argentinus) mantle paste [63] was comparable with the value obtained in the present study. However, the gel produced from fins is reported to have more gel strength value than that of gel produced from mantle only. [64] The gel strength value of fresh white leg shrimp was 80.60 g.cm. The gel produced from white leg shrimp was very fragile and bearing pink colour. The strength of the gel produced from shrimp was very low compared to sin croaker and Indian squid. Previously, the gel produced from pink shrimp also reported to have weaker gel strength. In foresaid study, it was deduced that low gel strength of the gel produced from pink shrimp may be because of high cysteine protease activity. [65] This could also be correlated to weak protein-protein and protein-water interactions as evident by the lowest water holding capacity among the all experimental species.
Instrumental textural parameter
Texture profile analysis of heat induced gels prepared from fresh croaker fish, Indian squid, and white leg shrimp is shown in Table 1 . In the fresh condition, the gel produced from Indian squid showed higher value for textural parameters such as hardness, springiness, gumminess, and chewiness compared to croaker fish and white leg shrimp. The hardness of the gel produced from squid was more than two times to the gels produced from croaker fish and three times to gels produced from white leg shrimp. Similarly, the value of chewiness of the gel produced from Indian squid was more than three times to that gels produced from croaker fish and shrimp. The hardness of Indian squid's gel (28.10 N) was slightly higher than that reported for jumbo squid gels (22 N) . [64] The hardness value of white leg shrimp under study was comparable to Northern shrimp (~7 N), [66] while the values for springiness and cohesiveness were lower. Unique and compact arrangement of myofibrils of Indian squid (Fig. 1B ) may possibly be a reason for the higher value of hardness and chewiness in comparison to fish and shrimp.
Rheological measurement
Storage modulus (also called elastic modulus or G'), loss modulus (also called viscous modulus or G"), and tan delta (also called damping factor) of fresh samples were measured using a temperature sweep (5 to 90°C) at heating rate of 1°C. Gelation of muscle proteins yields from the transformation of an amorphous viscous phase to a three-dimensional elastic network. Therefore, the process of formation of gel can be monitored by rheological parameters. [67] The storage modulus (G') is a good index for gel forming ability of food proteins. [12] The G' value of the fresh croaker fish proteins was 15.89 kPa at 5°C which did not vary in the temperature ranges of 5°C to 31.80°C (Fig. 2A) . This indicates that croaker fish proteins were stable up to this temperature (31.80°C) without any appreciable change. However, on further heating, the values increased up to 48.04°C with relatively less rate but thereafter, value took off sharply and attained maximum value of 695.84 kPa at 64.97°C. A similar sharp increase in G' value has been reported in Alaska pollock (48.20°C), pacific whiting (48.20°C), bigeye snapper (48.30°C), and threadfin bream (48.60°C). [6] The relatively lower rate of the increment in G' value between 31 and 48°C suggests that the transformation from viscous sol to elastic network started in this temperature range which geared up intensely after 48°C. In case of fresh Indian squid, the storage modulus value was 5.26 kPa at 5°C which, on heating, gradually increased to 8.42 kPa at 28.41°C. On further heating, the value continuously dipped and reached to a minimum (0.98 kPa) at 41.27°C. However, on continuous heating, the values of storage and loss modulus increased continuously and attained the highest values of 350.94 kPa and 75.48 kPa at 71.74°C and 90°C, respectively (Fig. 2B) . Similarly, the storage modulus for fresh meat of white leg shrimp was 14.40 kPa at 5°C. On heating, the value decreased to 10.68 kPa at 35.86°C. The pattern of loss modulus was also in the line of storage modulus with lower values (Fig. 2C) . This hints that the actual gel formation process started after aforesaid temperature. The gel formation can be ascribed to a structure building reaction from the ordered aggregation and gel network formation affected by the application of thermal energy. [12, 68] This transition may be mainly because of the opening up of head region of myosin molecule leading to hydrophobic interaction and possibly disulphide bond formation. [7] The viscous modulus or G" also followed the same trend as that of G', but the intensity of ordered aggregation was much higher leading to lower G" value. The lower value of the G" than that of G' was also reported for green mussel, [7] silver carp, [2] and many other marine fish species. [12, 54] The tan δ is the measure of energy lost as a result of viscous flow compared with the energy stored from elastic deformation in a single deformation cycle. [69] Any change in tan δ indicates the type of network formed; lower tan δ values represent formation of better three-dimensional network. [70] The value of tan δ of fresh meat from croaker fish was 0.11 at 5°C which did not change much up to 41.95°C (0.12) and attained a maximum value of 0.20 at 46.69°C which retained up to 90°C (Fig. 2A) . Even though the slight increase was observed in tan δ elsewhere in the temperature sweep, the value remained well below 0.20, indicating that the elastic component was dominant during gelation process giving reasons for the good gelling ability of croaker fish meat. However, the increment in tan δ value was observed in 41.95-46.69°C that may be due to unfolding of myosin molecules. In short, it can be inferred that the gel formation for croaker fish meat took place in two phases, first between 29 and 40°C and subsequently after 50°C, whereas, in case of Indian squid, the tan δ value was 0.18 at 5°C which relatively remained more or less unchanged up to 28.41°C, but consequently, the value shot up steeply and achieved its maxima (0.74) at 41.27°C (Fig. 2B) . Later, on subsequent heating, the value reduced to almost its original. This indicates failure of gel formation and confirmed that squid proteins do not have good gelling ability. Similarly, in case of white leg shrimp, the tan δ value was found to be increased from 0.21 to 0.25 in the temperature range of 5°C to 39.93°C , but the value dipped to 0.18 at 43.98°C and almost maintained up to 71.07°C, further returning to near the original value (Fig. 2C) .
Conclusion
All the three species selected were high in protein and low in fat but had good proportion of PUFAs. The texture profile and histological studies indicated that the arrangement of muscle fibres plays an important role in deciding texture and eating quality and thereby may be used to predict functional properties of raw material. Our study deduced the specific gelation temperature of croaker fish, Indian squid, and white leg shrimp. This knowledge can help in proper and energy-efficient processing of these three species. It can also be suggested that separate and accurate temperature and time model could be generated for commonly used finfish and shellfish for making surimi or gel-based food products.
